BEADS 

PRIORITY INFORMATION 
This application claims priority to Japanese Application Serial No. 
391365/2000, filed December 22, 2000. 

BACKGROUND OF THE INVENTION 
The present invention relates to beads usable as markers of probes 
or the like for detection of single nucleotide polymorphism (hereinafter 
referred to as SNP). Specifically, the present invention relates, for example, 
to beads separable in a large number of types with a small number of 
colors thereof. 

Fig. 3 is a view showing beads used for separation. When a #1 
fluorescent material 1 and a #2 fluorescent material 1 are sealed in each of 
transparent or translucent beads 2 and then light for florescence excitation 
is irradiated thereon, fluorescence FL2 characteristic of the #1 fluorescent 
material 1 and fluorescence FL3 characteristic of the #2 fluorescent 
material 2 are emitted severally. When quantities of the #1 fluorescent 
material 1 and the #2 fluorescent material 1 sealed in the bead are properly 
changed, brightness of the emitting fluorescence changes depending on the 
respective quantities. Accordingly, the respective quantities of the #1 
fluorescent material 1 and the #2 fluorescent material 1 can be detected by 
detecting respective intensities of the emitting fluorescence attributable to 
the respective fluorescent materials 1, whereby the beads can be separated. 
Therefore, discrimination of probes becomes feasible by use of such beads 
as markers of probes for SPN detection. Note that the beads may be also 
marked with another fluorescent material for quantitative determination, 
so that a quantity of separated beads can be quantitatively measured by 
means of detecting a quantity of the light emitted from the fluorescent 
material. 

In such a beads separation technology, for example, if each density 
of the two kinds of the florescent materials is segmented into 10 stages, 
then the beads can be separated by 100 (= 10 x 10) colors. 

Theoretically, it is possible to provide more than 10 stages per a 
fluorescent material by closing up intervals of density. However, since 
measurement errors or the like may occur in actual measurement of 
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fluorescence, the intervals of density require a certain threshold in order to 
secure such segmentation. 

Moreover, when three-dimensional or four- dimensional segmentation 
is adopted by increasing the types of the fluorescent materials for use, 
color-coding of beads of 1,000 (= 10 3 ) types in the three dimensional 
segmentation or 10,000 (= 10 4 ) types in the four dimensional segmentation 
becomes feasible. 

For production of beads, polypropylene or the like having high 
transparency or the like is typically used. Sizes of beads for use are 
discretionarily selected from nanometer order, micrometer order, millimeter 
order, centimeter order and so on, depending on objects of discrimination. 

For example, a flow cytometer is used as a separation unit. A flow 
cytometer was originally developed as a unit for investigating conditions of 
cells; and is an analyzer for investigating conditions of erythrocytes and 
leukocytes by fluorescently marking forms and surfaces of cells. The flow 
cytometer is provided with a nozzle to flow cell particles one by one, a laser 
light source for measurement of the cells, a detector composed of a 
photodiode or a photoelectron multiplier tube (a PMT), or the like. 

Fig. 4 is a view showing an example of conventional color allocation 
for two-dimensional color separation. The abscissa axis defines a density 
(i.e. fluorescence intensity) of an orange fluorescent material, while the 
ordinate axis defines a density (i.e. fluorescence intensity) of a red 
fluorescent material. Each of the densities is segmented into 10 stages, 
whereby color-coding of beads of 100 (= 10 * 10) types becomes feasible. 
Accordingly, in the case of using three kinds of beads 2 of #1, #2 and #3, for 
example, if selected severally from one out of 100 combinations of the 
fluorescent material densities, each of the beads can be color-separated. 

Fig. 5 is a view for describing measurement errors. In the actual 
measurement of fluorescence emitted by the fluorescent materials contained 
in the beads, a distribution of the fluorescence intensity with a certain range 



is observed, even if the beads contain the same densities of the fluorescent 
materials. Such distribution is attributable to errors arising upon actual 
measurement from quantities of the florescent materials sealed in, 
quantities of light emitted from the florescent materials, measuring 
instruments for measuring the quantities of the emitted light, and the like. 
Therefore, separation of the beads should be conducted in consideration of 
these errors. Since these errors generally follow a normal distribution 
taking an inherent density thereof as the center, it is necessary to secure a 
certain interval for an adjacent point of density in consideration of an error 
range having such distribution. 

For instance, types of the beads for separation need to be increased 
from time to time for use in SNP detection or the like. For this reason, a 
technology for effectuating separation of a large number of beads with 
relatively small number of colors has been long required. 

SUMMARY OF THE INVENTION 

In consideration of the foregoing problem, an object of the present 
invention is to provide beads capable of separation of a larger number of 
beads by using fewer stages segmented of a characteristic quantity. 

Beads according to the present invention include a combination of a 
plurality of beads. Here, each of the beads has a characteristic quantity 
corresponding to a location selected from a plurality of locations in two 
dimension, in which the plurality of locations includes- a first plurality of 
locations arrayed in a first line in a predetermined direction in a manner 
that mutual intervals thereof are minimal; and a second plurality of 
locations arrayed in a second line adjacent and parallel to the first line. In 
addition, the first plurality of locations and the second plurality of locations 
are shifted with respect to each other in directions of the respective lines. 

Moreover, by providing the beads including a combination of a 
plurality of beads, each of which has a characteristic quantity corresponding 



to a location selected from a plurality of locations in dimension higher than 
two dimension, further enhancement of separable resolution becomes 
feasible. 

Moreover, by defining the plurality of locations as locations in a 
closest packing structure, ideal separation resolution can be achieved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. lAis a view showing a conventional example of two-dimensional 
color allocation of beads, and Fig. IB is a view showing two-dimensional color 
allocation of beads according to one embodiment of the present invention. 

Fig. 2Ais a top plan view showing three-dimensional color allocation 
of beads according to one embodiment of the present invention, and Fig. 2B 
is a side view thereof. 

Fig. 3 is a view showing beads used for separation. 

Fig. 4 is a view showing a conventional example of color allocation for 
two-dimensional color separation. 

Fig. 5 is a view for describing a measurement error. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Now, preferred embodiments of the present invention will be 
described in detail with reference to the accompanying drawings. 

Figs. 1A and IB are views for showing two-dimensional color 
allocation of beads. Fig. 1A shows a conventional example and Fig. IB 
shows the color allocation of the present invention. Colors are employed as 
one example of characteristic quantities. In each of the drawings, light 
emission intensity of fluorescence FL2 is taken on an abscissa axis and light 
emission intensity of fluorescence FL3 is taken on an ordinate axis. Each of 
black dots in the drawings shows a bead for color separation, in which 
certain densities of the fluorescent materials are contained so as to emit the 
fluorescence FL2 and the fluorescence FL3 having light emission intensities 



indicated by the coordinates of the black dots. In the conventional example 
as shown in Fig. 1A, the dots are positioned at intersecting points of lines 
parallel to the fluorescence FL2 direction and fluorescence FL3 direction, 
respectively. That is, all the dots therein collectively form a grid. In this 
way a minimal distance between the dots is defined as "1". On the contrary, 
in the present invention as shown in Fig. IB, the dots are configured on a 
plurality of locations in two dimension, in which, with respect to locations 
arrayed in a line in a predetermined direction, locations arrayed in a line 
adjacent and parallel to the foregoing line are shifted in the direction of the 
fluorescence FL2. Particularly in the case of the example of Fig. IB, the 
dots are configured on the locations to effectuate a closest packing structure 
on the plane. In this way, a minimal distance between the dots in Fig. IB is 
also defined as "1". 

Accordingly, while securing the minimal distance between the dots as 
"1" in the both examples, in the example of Fig. IB, density intervals in the 
second dimension (in the direction of FL3) can be reduced to V3~ / 2 ( =r 
0.866) of that of the conventional example. In other words, it is feasible to 
increase separable resolution by about 15% ( ^ 1 / 0.866 — l). 

In the event of actual separation of the beads, each of the beads is 
subjected to measurement of light emission intensities regarding the 
fluorescence FL2 and the fluorescence FL3 emitted therefrom, and then 
distances from the bead to dots in its neighborhood are calculated. Then, 
the bead is defined as being at the dot in the minimal distance from the bead, 
thus being separated. 

In the present invention, when an argon laser is irradiated on a bead 
colored with fluorescein isothiocyanate (FITC) and phycoerythrin (PE), each 
of these fluorescent materials are excited by light of 488 nm wavelength, and 
FITC emits fluorescence of 530 nm wavelength and PE emits fluorescence of 
575 nm wavelength. In this way, the beads can be discriminated by coloring 
the beads with variations of densities of FITC and PE. Fluorescent 



reagents used here are not particularly limited, and any combination of 
fluorescent reagents is applicable so far as an excitation wavelength and a 
fluorescence wavelength thereof do not overlap. 

Besides the foregoing, the fluorescent materials excited by the light 
of 488 nm wavelength include ECD (made by Beckman Coulter: fluorescence 
of 613 nm wavelength), PC5/PE-Cy5 (made by Beckman Coulter: 
fluorescence of 670 nm wavelength). 

In addition, installation of more than one laser light source enables 
response to other fluorescent reagents. 

The beads are preferably set to have a diameter of several 
micrometers, because a usual flow cytometer is optimized for cells. 
Whereas the flow cytometer can measure forward-scattered light, such 
forward- scattered light reflects a size of a measured object. Accordingly, 
separation of only targeted beads is feasible by using the forward-scattered 
light as an index. 

Figs. 2A and 2B are views for showing three-dimensional color 
allocation of beads according to one embodiment of the present invention. 
Fig. 2A is a top plan view, in which light emission intensity of fluorescence 
FL2 is taken on an abscissa axis and light emission intensity of fluorescence 
FL3 is taken on an ordinate axis. Black dots in the drawings are present on 
one plane and collectively form a grid slanted to the ordinate axis, which is 
virtually similar to the conventional example. A minimal distance between 
dots is also defined as "1". Meanwhile, white dots are present on a different 
plane from the black dots. When viewed two-dimensionally i.e. from a 
viewpoint of the top plan view, the black dots and the white dots are present 
at different locations from one another. Moreover, each of the white dots is 
present in a position of equal distances from its surrounding black dots. Fig. 
2B is a side view thereof, in which light emission intensity of fluorescence 
FL2 is taken on an abscissa axis and light emission intensity of fluorescence 
FL4 of a third fluorescent material is taken on an ordinate axis. 



Three-dimensionally, by segmentation as illustrated in Figs. 2A and 
2B, density gradient of the third dimension can be set to V2~ I 2 ( = 0.707) 
Accordingly in the same effective parts, it is feasible to increase separable 
resolution by about 41% ( = 1/0.707 - l). Although Figs. 2A and 2B 
collectively illustrate a cubic closest packing structure, it is also feasible to 
increase separable resolution by about 41% similarly in a hexagonal closest 
packing structure. 

However, it should be understood that the present invention is not 
limited to the foregoing embodiments. 
{? As shown in Figs. 2A and 2B, linear directions to show the state of 

p. mutual intervals between dots being minimal are not necessarily aligned 

y| with the axes of characteristic quantities, i.e. the axes of the colors. 

iff 

p The characteristic quantity is not limited to the color, but it may be 

also defined as a frequency of an oscillator. In such a case, segmentation 
hk may take place in accordance with oscillation intensity or duty ratios of 

fU 

ffl oscillation pulses from the oscillator, or the like. 

- ■?? 

M The dimension is not particularly limited to the two dimension or the 

h*. three dimension; and the dimension may be four or higher dimension. 

However, in any case, it is preferable to adopt a closest packing structure 

therein. 

Scaling of the characteristic quantities is not limited to a linear scale, 
and nonlinear scales such as a logarithmic scale may be also applied thereto. 

As described above, according to the present invention, segmentation 
in accordance with gradients can be increased in the two dimension by about 
15% of separable resolution, in the three dimension by about 41% of 
separable resolution, and accordingly in the four or higher dimension. 
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